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AbstrAct
Septic arthritis is a rare but potentially devastating complication of anterior cruciate ligament (ACL) reconstruction surgery. The purpose of this study was to provide an evidence-based summarization of the treatment and outcome of infection after ACL reconstruction with a pooled analysis of the reported cases. The authors conducted a systematic review of published studies that evaluated the outcome of septic arthritis after arthroscopic ACL reconstruction. A structured literature review of multiple databases referenced articles from 1950 to 2012. A total of 22,836 knees from 14 published As a result of reading this article, physicians should be able to:
1. Identify the most common pathogen of infection after anterior cruciate ligament (ACL) reconstruction.
Outline the general principles for the treatment of infection after ACL reconstruction.
cme ARTICLE studies were assessed. Postoperative septic arthritis occurred in 121 knees, with a pooled percentage of 0.5%. Mean duration of follow-up after ACL reconstruction was 53.6 months (range, 4-218 months). An average of 1.92 procedures (range, 1-5 procedures) were performed to eradicate the infection. The grafts were retained in 77% of cases. Postoperative intravenous antibiotics were used for at least 5 days (range, 5-90 days) after debridement. At final follow-up, mean postoperative Lysholm score was 80.2 (range, . No reinfection was observed in 121 patients. This study has helped to further elucidate the outcomes of infection after ACL reconstruction. Once an infection is encountered, culture-specific antibiotics and surgical joint irrigation with graft retention are recommended as initial treatment. Graft removal can be considered only for those infections resistant to initial treatment. [Orthopedics. 2014; 37(7):477-484.] I nfections after arthroscopic surgeries are infrequent but potentially devastating complications. The first case of pyoarthrosis after arthroscopicassisted anterior cruciate ligament (ACL) reconstruction was reported by Kohn 1 in 1998. Since then, 3 large retrospective reviews of septic arthritis after ACL reconstruction have reported infection rates of 0.3%, 2 0.14%, 3 and 0.48%, 4 respectively. Many controversies surround the management of septic arthritis following ACL reconstruction, and different outcomes after treatment have been described. [5] [6] [7] Current treatment options include long-term antibiotic therapy, open or arthroscopic surgical lavage, aspiration, continuous irrigation, graft preservation, and removal of graft and fixation materials with or without reimplantation. 7, 8 Despite a low incidence, it is important to recognize the signs of infection and treat it without delay because of devastating consequences such as graft failure, loss of hyaline cartilage, and arthrofibrosis. [9] [10] [11] However, all case series reported so far have been retrospective, and case numbers of septic arthritis have ranged from 3 to 216. 12 The small number of reported cases precludes evidence-based outcomes of septic arthritis after ACL reconstruction and selection of the most appropriate management. The current knowledge about infection after ACL reconstruction is confined to a few reviews of single-institution experience or multicenter registries in one country, although incidence rates and outcomes may differ between people of different ethnic backgrounds. 13 Further understanding of infection after ACL reconstruction would require a large database that would generate adequate power.
The current study was designed to evaluate the epidemiology, presentation, diagnosis, treatment, and outcome of infection after ACL reconstruction with a review of literature and pooled analysis. On the basis of previous literature, 8, 14 the authors' hypothesis was that arthroscopic debridement in advanced active infection is a reliable procedure providing symptomatic relief and functional improvement.
MAteriAls And Methods
Literature Review
The authors conducted a systematic review of the available literature using multiple separate search strategies. A search was performed with use of the following databases: MEDLINE, PubMed, Cumulative Index to Nursing and Allied Health (CINAHL), and Cochrane systematic reviews. Search terms included anterior cruciate ligament, ACL, infection, and septic arthritis. Two independent reviewers (S-JK, JHK) separately completed the search, and the results were duplicated 2 times by each reviewer. The initial search was performed on November 15, 2012, and repeated on January 15, 2013, to ensure accuracy. No additional study was identified by repeating the search. The title, abstract, and full text were reviewed when the title or abstract suggested appropriateness of these publications and were discussed among the authors, and a decision was made regarding inclusion.
The inclusion criteria included (1) articles published from January 1, 1950, to November 1, 2012; (2) English articles about humans; (3) electronic publications that reported cases of infection after ACL reconstruction; (4) both retrospective and prospective series; (5) only cases of infection after arthroscopic ACL reconstruction; (6) articles that reported the incidence of infection; and (7) only articles that evaluated the outcomes. All study designs from Level I to IV were eligible.
The exclusion criteria included (1) superficial wound problems that recovered with simple wound care and oral medication, (2) articles without manifest pathogen, (3) articles without manifest grafts that were infected, (4) case reports of a rare clinical pathogen, and (5) articles in any language other than English. Limits for the number of patients in each study or the minimum duration of follow-up were not used.
A first search of the MEDLINE database yielded 199 articles, and a second search of the PubMed database with use of the same search strategy yielded 245 articles. The literature search is summarized in the Figure. cles that appeared in more than 1 of the 4 searches, yielding a total of 322 unique articles. The authors selected most relevant articles from retrospective, cross-sectional studies; clinical registries; or prospective studies. If there was any disagreement between authors regarding the inclusion of an article, the senior author (JHK) made the final decision. A manual search was also performed from the references of the selected articles to identify any important reports that had been missed. The full text of the 14 articles was obtained. Owing to a lack of prospective, randomized studies, most of the larger cohorts giving an answer for, or at least an insight into, clinical problems were selected for this review. A meta-analysis was not performed because most of articles covered heterogeneous groups of patients with multiple comorbidities. Studies of infection after ACL reconstruction predominantly started after the study of Williams et al 2 in 1997, although a few isolated prior cases reported infection after arthroscopic surgery.
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Data Extraction
The following data were extracted: patient age and sex, clinical presentation, diagnosis of infection, management of infection, postoperative antibiotic therapy, outcomes following infection including physical examination, postoperative clinical scores, range of motion, and other complications such as reinfection and radiological degeneration. Postoperative infections were classified as acute (less than 2 weeks), subacute (2 weeks to 2 months), or late (more than 2 months).
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Statistical Analysis
Data were recorded using Microsoft Excel 2007 (Microsoft Corp, Redmond, Washington) and analyzed using SPSS version 15.0 statistical software (SPSS Inc, Chicago, Illinois). Chi-square test was used to evaluate differences in infection rates between procedures with use of allograft and autograft tissue. A P value less than .05 was considered statistically significant.
results
A review of MEDLINE, PubMed, CINAHL, and Cochrane literature searches revealed a total of 22,836 knees from 14 selected articles from 1997 to 2012. One systematic review was identified, but a pooled analysis of the reported cases was not performed. 19 In 2 articles, same patients were reevaluated and long-term outcomes were reported. 3, 20 Case reports of a rare clinical pathogen were excluded. 13, [21] [22] [23] [24] Although complete data were not available, data such as incidence rate, grafts used in patients with infection, pathogen of infection, and surgical treatment were clearly identified in all the reports.
Demographic Characteristics
Postoperative septic arthritis occurred in 121 knees, with a pooled percentage of 0.5%. An additional 21 patients who were referred to the authors' institution during the same period were also included. A total of 142 knees were reviewed in the current study. Mean patient age was 28.9 According to most reports (9 articles), perioperative antibiotic prophylaxis (cephalosporins) was given to all patients preoperatively to prevent postoperative infection. Demographic information is detailed in Table 1 . One hundred thirtythree (95%) patients received an autograft, and 8 (5%) received an allograft. The types of infected graft are presented in Table 2 . The graft type used for all patients who underwent ACL reconstruction (before infection) was disclosed in 5 articles. 4, 6, 10, 25, 26 Based on these studies, there was a significant difference in the rate of septic arthritis between the autograft group (43 [0.59%] of 7189 patients) and the allograft group (7 [0.24%] of 2829 patients) (P=.024).
Presentation and Diagnosis
Average interval between ACL reconstruction and examination for infection was 19.1 days (range, 2-450 days). Patients had variable degrees of local knee swelling, pain, fever, local drainage, and warmth. Mean peripheral white blood cell (WBC) count was 9.8 (range, 6-16). Mean erythrocyte sedimentation rate (ESR) was 67.4 (range, 50-112). Mean C-reactive protein (CRP) was 49 (range, 4.8-146.6). Average cell count of aspirated knee joint fluid was 73,045 (range, 25,400-136,700). Postoperative intra-articular infections were defined as a positive culture from a knee aspiration or a cell count consistent with intra-articular infection in patients who presented with symptoms and laboratory results consistent with septic arthritis. Most patients had acute or subacute intraarticular knee infections. 2, 4, 5, 18, 27 One hundred eleven knees had intraoperative positive cultures, with a pooled percentage of 78.1% (111 of 142). Staphylococcus epidermidis was identified in 46 knees, with a pooled percentage of 41.4% (46 of 111). Staphylococcus aureus was the second most common (34.2%) pathogen of infection after ACL reconstruction. The pathogens of positive culture in each study are presented in Table 3 .
Treatment
Intravenous (IV) antibiotic therapy with arthrocentesis was successful in 
Graft Infections
No. 6, 28 All other patients underwent an arthroscopic knee procedure with debridement and extensive lavage using normal saline. An average of 1.92 procedures (range, 1-5 procedures) were performed to eradicate the infection. Repeated debridements (open or arthroscopic) were performed because of persistent superficial wound drainage, fever, or persistent fluctuation despite the administration of IV broad-spectrum antibiotic therapy. In 33 (23%) knees, the grafts were removed during the procedure. Reasons for graft removal were as follows 2, 4, 5, [25] [26] [27] 29 : severe infection of the graft; autodigestion of the graft; possible bony involvement of the tibia, femur, or graft block; and a nonfunctional graft. An infectious disease consultation was obtained in each study. The choice and duration of both IV and oral antibiotics were recommended by the infectious disease consultant after confirmation of antibiotic sensitivities. This included cefazolin, cloxacillin, gentamycin, ciprofloxacin, and clavulanate. In 3 studies, 2,6,25 vancomycin was used. Postoperative IV antibiotics were used for an average of 25.5 days. The great range of time (5-90 days) in antibiotic administration was due to individual variation in laboratory results.
Study
Outcomes
Patients experienced a mean of 7° (range, 0°-65°) of flexion loss and 2° (range, 0°-50°) of extension loss. At final follow-up, mean Lysholm score was 80.2 (range, 23-100) and mean Tegner score was 5.6 (range, 2-10). KT-1000 arthrometer testing demonstrated that the average side-to-side difference of maximum manual displacement was 2.27 mm (range, 1.6-7 mm). Based on available studies, 2, 5, 10, 18, 20, 25, 27, 28 radiographic studies showed no severe joint space narrowing or radiographic findings consistent with the presence of osteomyelitis. Minimal joint space narrowing was identified in one patient, 10 and early signs of radiological degeneration were seen in 6 patients. 5, 25 According to a long-term study, 20 4 patients (average age, 44.3 years) had some radiographic evidence of osteoarthritis. All infections were successfully eradicated with arthroscopic lavage and debridement, as well as IV and oral antibiotics. An average of 15.3 days (range, 2-32 days) of hospitalization were required to eradicate infection. There were no recurrences of septic arthritis or bone infection. No postoperative neurological or vascular complications were observed in any patient. One hundred thirty-seven (96%) of 142 patients were either satisfied or very satisfied with their level of function in their operative knee at the time of the follow-up examination. Outcomes after treatment of infection are shown in Table 4 . (41) 38 (34) 6 (5) 2 (2) 2 (2) 2 (2) 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) 
Septic arthritis of the knee after ACL reconstruction is a rare complication. However, with an estimated 250,000 new ACL ruptures occurring in the United States each year, 30 ,31 more than 100,000 ACL reconstructions are performed annually. [32] [33] [34] Despite its rarity, infection is a considerable complication that may cause significant sequelae. To date, studies describing the epidemiology, treatment methods, and outcomes of infection after ACL reconstruction at tertiary care medical centers remain limited in number and geographic scope. Therefore, the authors conducted a systemic review of the pertinent literature with a pooled analysis of the reported cases.
According to the recent literature, the incidence of infection after ACL reconstruction ranges from 0.3% and 1.7%. 2, 19, 35 In the current authors' pooled analysis, the overall incidence was 0.5%. More than half (55%) of the patients with infection underwent ACL reconstruction using a hamstring tendon graft. Reconstructions with hamstrings graft have been associated with high rates of septic arthritis. 4, 10 This may be related to one or more of the following reasons. First, the relative shortness of the hamstrings graft results in increased amounts of suture material inside the knee joint that acts as a foreign body and can cause an inflammatory reaction. 10 Second, effusion observed after reconstruction with hamstrings tendons is a risk factor for postoperative drainage and subsequent infection. 10, 19 Although the theoretical risk of disease transmission inherent with allograft tissue cannot be eliminated, the authors found no increased clinical risk of infection with the use of allograft tissue compared with autograft tissue. Surprisingly, ACL reconstruction using autograft (0.59%) had more than twice the risk of infection compared with allograft reconstructions (0.24%). Similar results were reported previously by Katz et al. 26 These findings may be due to the fact that a limited number of patients underwent ACL reconstruction with allograft compared with autograft in the study's series. Further multicenter studies are needed to compare infection rates between procedures with the use of allograft and autograft.
Because of the rarity and heterogeneity of this complication, there are no standard guidelines for treatment of such patients. Antibiotic therapy with arthrocentesis (without surgical joint ir- 14 reported that irrigation and debridement with graft retention followed by a course of intravenous antibiotics was the most frequently mentioned treatment method in a nationwide survey. In resistant cases, because it has been mentioned that the graft could serve as a nidus for infection, 19 the majority of authors favor graft removal, 27, 29 but others still choose repeat debridement. 5, 8, 20 In the current study, the grafts were retained in 77% of cases. In most patients, the authors found a combination of arthroscopic debridement and subsequent IV antibiotics to be effective in eradicating the infection with improved patient acceptance. Graft and hardware retention can be successfully accomplished. However, if early clinical response is not acceptable, strong consideration should be given to expedient graft and hardware removal. In the authors' pooled analysis, the rate of positive cultures was 78.1%. When the cultures were negative, antibiotic therapy could be based on the most common pathogens present in these situations (ie, S epidermidis, S aureus, gram negative) 36 and continued for 4 to 6 weeks, monitoring the clinical examination and the results of serial CRP, ESR, and WBC.
The clinical outcomes after treatment of infection seem to be satisfactory. The postoperative clinical scores and evaluation of knee stability by KT-1000 arthrometer revealed slightly inferior or similar results with noncomplicated cases. [37] [38] [39] [40] Damage to articular cartilage and arthrofibrosis was previously stated as the cause of these inferior results. 11, 28 Radiographic evaluation showed no significant arthritic changes or bone tunnel enlargement at final follow-up, although adjacent tunnel osteomyelitis should be considered to be present in cases of persistent septic arthritis. 41 There were no recurrences of septic arthritis or bone infection. One hundred thirty-seven (96%) of 142 patients were satisfied with their level of function in their operative knee at the time of followup examinations. Anterior cruciate ligament grafts can be saved with acceptable ACL function and reasonable clinical and radiological results. The current study has some limitations. First, this is a collected series with various follow-up periods, and the retrospective design means diagnostic criteria, surgical methods (eg, a variety of devices used for graft fixation), medical management, and postoperative rehabilitation were not completely standardized. Second, this is not a meta-analysis; it is a pooled analysis of large international administrative databases that were not designed for clinical research. Therefore, potentially useful and more detailed information was not available that could help further elucidate the outcomes of septic arthritis after ACL reconstruction.
conclusion
According to the current study, once an infection is encountered, surgical joint irrigation with graft retention and culturespecific IV antibiotics are recommended as initial treatment. Graft excision and hardware removal can be considered only for those infections resistant to initial treatment and for the nonfunctional graft. The clinical outcomes of these patients may be inferior to those of patients who undergo uncomplicated ACL reconstruction. However, with early and aggressive treatment, satisfactory outcomes can be obtained. Additional prospective studies with a larger number of patients with infection from a wide range of ethnic backgrounds will help improve surgeons' ability to avoid devastating outcomes.
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